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(54) Blade configuration for steam turbine 



(57) A steam turbine that passes more turbine driv- 
ing steam by off -setting the turbine moving blade throat* 
pitch ratio before operation and, when a blade untwist 
is generated during operation, causing more turbine 
driving steam to flow by maintaining an appropriate val- 
ue, and, at the same time causing the turbine moving 
blade throat- pitch ratio to swell by giving the blade un- 
twisting angle to the blade cross-sections in regions 
where the aerodynamic loss is small. 



The steam turbine according to this present inven- 
tion is one in which the throat- pitch ratio (S/T) distribu- 
tion of a turbine moving blade is offset by forming a curve 
providing at least one minimal value and maximal value 
by giving blade twist angle to the blade cross -sect ions 
in the blade height direction from blade root to blade tip 
and, at the same time, the distribution of throat- pitch 
ratio (S/T) taking into consideration blade untwist gen- 
erated during operation. 
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Description 

[0001] The present invention relates to steann tur- 
bines. In particular, the Invention relates to the configu- 
ration ot the turbine blades for a steam turbine. s 
[0002] With recent turbines, there has been a tenden- 
cy to use longer blades in the final turbine stage and In 
the turbine stages upstream of the final stage to econ- 
omise on fuel and operate more efficiently. 
[0003] For example, FIG.10 shows a700,000kW-out- 
put class steam turbine In which long blades have been 
adopted in the final turbine stage and the turbine stages 
upstream of the final turbine stage. This is an axial flow 
type turbine In which multiple stages 5 are located seri- 
ally in the turbine-driving steam flow along the axial di- 
rection of turbine shaft 2 that is housed in turbine casing 

I. Each stage 5 comprises a set of fixed turbine nozzle 
blades 3, and a downstream adjacent set of turbine 
moving blades 4. 

[0004] The turbine nozzle blades 3 of each stage are 
aligned in the circumferential direction around the tur- 
bine shaft 2 with their outer ends supported by an outer 
diaphragm 6. which is fixed in the turbine casing 1, and 
their inner ends supported by an inner diaphragm 7 ad- 
jacent the turbine shaft 2. A seal 7a carried by the inner 
diaphragm 7 seals inner diaphragm 7 to rotating shaft2. 
[0005] The turbine moving blades 4 of each stage are 
circumferentially aligned around turbine shaft 2. adja- 
cent and downstream of the turbine nozzle blades 3 of 
that stage. Each turbine moving blade extends radially 
from the shaft 2 and has a blade embedded portion 8 
embedded in the shaft 2, a blade effective portion 9 from 
root to tip and a blade tip connecting portion 10. The 
blade effective portion 9 is the part of the blade that does 
the actual work (generates rotational torque) when the 
t u rb in e driving steam passes th rou ghtheturbine movin g 
blades. 

[0006] The turbine nrioving blades 4 are provided with 
intermediate connectors 11 in the intermediate parts of 
the blade effective portions 9. which serve to stabilize 
the effective portions 9 of the entire set of blades. The 
intermediate connectors 11 comprise, as shown in FIG. 

II , bosses 11a and 11 b on the respective backs ("suc- 
tion side" or "suction surface" as it is commonly called), 
9c and 9d, and bellies ("pressure side* or "pressure sur- 
face" as it is commonly called), 9© and 9f , of one blade 
effective portion 9a and the adjacent blade effective por- 
tion 9b. A linking sleeve 11c pivotally interconnects 
bosses 11a and lib via lugs (not shown) provided at 
both ends of bosses 11a and lib. Thus, vibration of the 
intermediate portions, induced by such factors as fluc- 
tuations over time of the jet force of the turbine driving 
steam flowing from the turbine nozzle blades 3, and tur- 
bine shaft vibration, is suppressed to a low level. 
[0007] The tips of turbine moving blades 4 are stabi- 
lized by blade tip connectors 1 0 which are formed, for 
example, as so-called "snubber type' plate-shaped ex- 
tension pieces 10a and 10b integrally cut from the blade 



effective portion 9, as shown in FIG. 12. During opera- 
tion, blade tip vibration is suppressed using the mutual 
contact friction of the extension pieces 10a and 10b. 
[0008] The above-described arrangement of Interme- 
diate connectors 11 and blade tip connectors 10 pro- 
vides effective countermeasures against vibration in- 
duced by such factors as variation over time of the tur- 
bine driving steam jet force, in turbines having long 
blades. However, in a prior art steam turbines (shown 
in FIG.10), with long blades in which the blade effective 
portions 9 of the turbine moving blades 4 exceed Im. 
many other problems arise because of the blade length. 
One of these Is that, during operation, the throat- pitch 
ratio (S/T) varies as a consequence of deformation of 
the blade warp configuration due to centrifugal force, re- 
sulting in a reduction of aerodynamic efficiency. 
[0009] Attempts have been made in the prior art to ad- 
dress this problem by adopting the so-called "simplified 
three-dimensional blade design method". In this meth- 
od, the cross-sectk^nat shape of the turbine moving 
blade Is varied to correspond to the fact that the equiv- 
alent velocity diagram had been largely changed In the 
height direction of the passage. However, if the turbine 
moving blades 4 of the steam turbine are long, as shown 
in FIG. 13, the inlet flow angle of the turbine driving 
steam relative to the turbine blade will vary greatly along 
the blade effective portion 9 from the blade root to the 
blade mean diameter (pitch circle diameter), to the blade 
tip. 

[0010] In F1G.1 3: a indicates the Inlet flow angle of the 
turbine driving steam to the turbine moving blade 4, BV 
the turbine driving steam inlet flow speed vector flowing 
into the turbine moving blade 4, SV the turbine driving 
steam outlet flow speed vector flowing out of the turbine 
nozzle blades (not shown) and U the peripheral speed, 
respectively. Also, the subscripts R, Pand T lndk:ate the 
respective blade root, blade mean diameter (pitch circle 
diameter) and blade tip position. 
[0011] In this case, there is a requirement to modify 
the blade cross-sectional shapes at each of the blade 
root, the blade mean diameter and the blade tip posi- 
tions of the blade effective portion 9 to correspond to the 
turbine driving steam Inlet flow angles a^, ap and a-|- at 
each position. However, as a prerequisite for that, first 
there is a requirement to find turbine driving steam inlet 
flow speed vectors BVr, BVp and B Vj at each position. 
[0012] Turbine driving steam inlet flow speed vectors 
BVp, BVp and BVj at each position can be found from 
equivalent velocity diagrams composed of outlet flow 
speeds SVr, SVp and SV^ of the turbine driving steam 
flowing out from the blade root, the blade mean diameter 
and the blade tip positions of the turbine nozzle blades 
and the circumferential speed vector (the turbine shaft 
circumferential speed component) determined by the 
radius and angular rotational speed at each position (the 
angular rotational speed of course being constant, inde- 
pendent of radial position). 

[001 3] For turbine driving steam inlet flow speed vee- 
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tors BVr, BVp and BWj at the various positions found 
from equivalent velocity diagrams^ the inlet flow angles 
can vary. For example, the inlet flow angle or at the 
blade root typically is in the range of about 30^ to about 
50*" while the inlet flow angle ajSX the blade tip typically 
is in the range of about 140'' to about 170", and their 
angular difference may be a maximum of about 140°. 
This large angular difference is due to the fact that the 
radial position of the blade tip (measured from the tur- 
bine shaft axis of rotation) is at least twice that of the 
blade root, and. proportionally, the circumferential 
speed component at the blade tip Is at least twice that 
at the blade root. 

[0014] If the turbine moving blade is not modified to 
compensate for this large variation in the inlet flow angle 
in the radial direction, aerodynamic loss will markedly 
increase. Therefore, prior art steam turbines were mod- 
ified by varying the twist angle of the blade cross-section 
to conform it to the turbine driving steam inlet flow angles 
Op, ap and aj at the various positions on the blade ef- 
fective portion 9; and, moreover, the blade cross-sec- 
tional shape close to the leading edge was modified in 
the direction of the inlet flow speed vector. 
[0015] FIG. 14 is a drawing of a circumferential direc- 
tion cross-section at any height of the turbine moving 
blade row, developed on a plane, and shows the con- 
figuration of the turbine moving blade steam passage. 
S is the throat, and indicates the width o1 the narrowest 
part in the inter-blade steam passage formed between 
the back of one blade and the belly of the next turbine 
moving blade. T is the pitch, that is the gap between 
turbine moving blades in the circumferential direction. 
The throat- pitch ratio (S/T) is an aerodynamic design 
parameter that does not depend on the size of the steam 
turbine, and corresponds to the outlet flow angle of the 
turbine moving blades. In other words, if the throat- pitch 
ratio (S/T) is increased, the turbine moving blade outlet 
flow angle, which is defined by taking the circumferential 
direction as zero, becomes larger and. when the blade 
outlet flow speed is taken as constant, the axial flow 
speed component becomes greater and the flow rate of 
this cross-section increases. Conversely, if the throat- 
pilch ratio (S/T) is decreased, the turbine moving blade 
outlet flow angle becomes smaller, and the flow rate of 
this cross-section decreases. The definition of the 
throat- pitch ratio (S/T) is the same for the turbine nozzle 
blades also. 

[0016] In tong-blade stages, such as the turbine final 
stage, the pressure difference between the inner wall 
side (blade root) and the outer wall side (blade tip), due 
to the tangential velocity component produced by the 
turbine nozzle blades, becomes greater. In the design 
of long blade stages, it is necessary to adopt a throat- 
pitch ratio (S/T) distribution that takes account of this 
pressure difference. 

[0017] FIG. 15 is an example of the turbine moving 
blade throat- pitch ratio (S/T) distribution normally 
adopted in prior art designs. In the prior art "simplified 



three-dimensional design method." because it was dif- 
ficult accurately to estimate the three-dimensional loss 
ot each blade cross-section, designs were produced so 
that the flow rate distribution per unit annular area in the 
5 radial direction became approximately constant for both 
turbine nozzle blades and turbine moving blades. For 
the turbine moving blade, instead of the exit static pres- 
sure distribution being approximately constant, the flow 
speed increased on the outer wall side where the entry 
static pressure was high. Therefore, a design was 
adopted in which, in addition to reducing the axial flow 
speed by reducing the throat- pitch ratio (S/T) on the 
outer wall side, the axial flow speed was increased by 
increasing throat- pitch ratio (S/T) on the inner wall side 
where, conversely, the entry static pressure is low and 
the turbine moving blade outlet flow speed is low. Thus 
the radial direction flow distribution became approxi- 
mately uniform. 

[0018] With prior art turbine moving blades designed 
in this way, there are no problems when the blade height 
is low. However, with long blades exceeding 1m in blade 
height, there is the problem that it is difficult sufficiently 
to ensure a pressure difference between the inlet and 
outlet of the blade root cross-section of the turbine mov- 
ing blades that is commensurate with the relative pres- 
sure drop ot the entry static pressure. This could lead to 
reduced performance. At the same time, by passing the 
same degree of flow rate both at the blade root cross- 
section and at other cross-sections, there is also the 
problem that the aerodynamic performance of the tur- 
bine stage as a whole is reduced. 
[0019] FIG. 16 shows the throat- pitch ratio (S/T) dis- 
tribution of a prior art turbine nozzle blade. With a turbine 
nozzle blade, in contrast to a turbine moving blade, as 
opposed to the entry total pressure being approximately 
uniform, the exit static pressure distribution has a distri- 
bution that increases from inskJe to outside. With the pri- 
or art "simplified three-dimensional design method," be- 
cause it was difficult to forecast the loss distribution in 
the radial direction, it was taken as a premise that the 
flow distribution in the radial direction was uniform. For 
this reason, the throat- pitch ratio (S/T) distribution 
shown in FIG. 16, which increases continuously from 
blade root to blade tip, was adopted. 
[0020] The problem with the distribution in FIG. 16 is 
that, due to the outlet flow angle at the blade root be- 
coming smaller, the loss in this part increases. Also, 
there is the problem that, with the blade tip being close 
to the wall surface, loss is increased by secondary flow 
turbulence occurring in the comer between the wall sur- 
face and the turbine nozzle blade. Because the same 
degree of flow rate as in other blade regbns flows 
through this region too. the aerodynamic performance 
of the turbine stage as a whole decreases. 
[0021] FIG. 17 shows the radial direction distribution 
of aerodynamic loss in prior art turbine nozzle blades. 
At the blade root side, through reducing the outlet fk>w 
angle by making the throat- pitch ratio (S/T) smaller, a 
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vicious circle has developed in which the more the outlet 
flow speed increases, the more the loss increases. 
[0022] A desirable objective, therefore, has been of 
an overall three-dimensional design method that takes 
account of the effect by which the flow distribution in the 
circumferential direction is varied, and the effect of blade 
delormation due to centrifugal force. However, the prior 
art solutions to date have not eliminated all problems. 
One such solution now will be described with reference 
to FIGS. 14 and 15. A row of turbine moving blades is 
designed in a form in which the leading, edge is twisted 
in the clockwise direction from the blade root to the blade 
tip. Therefore, when a tensile load due to centrifugal 
force acts on the blade effective portion 9, twist-return 
(untwisting ) occurs in the direction of arrow AR shown 
in FIG. 14. Accordingly, as shown in FIG. 15, the throat- 
pitch ratio (S/T) of the turbine moving blade 4, although 
set in the distribution shown by the solid line from blade 
root to blade tip when at rest, theoretically changes to 
the distribution shown by the broken line during opera- 
tion. However, the measures taken to control vibration 
of the turbine moving blades (i.e., the intennediate con- 
nectors 11 in the intermediate part of the blade effective 
portion 9 and tip connectors 1 0 at the blade tips) restrict 
blade untwisting at these connecting points, and the 
throat- pitch ratio (S/T) distribution In the about 70% to 
about 95 % height that Is normalized between connec- 
tors 1 0 and 11 , as shown In FIG.1 5. swells outward and 
becomes a broad passage. 

[0023] Further problems can result from this situation. 
In the case of the long blade turbine moving blades 4, 
where the diameter of the blade root is 1.4m or more 
and the blade effective portion 9 exceeds Im, the equiv- 
alent speed of the motive steam leaving the turbine mov- 
ing blade (the speed defined by coordinates set by the 
turbine moving blades) exceeds the speed of sound at 
least in the region from the mean diameter of the blade 
effective portion 9 (PCD: pitch circle diameter) to the 
blade tip, and becomes a supersonic speed flow. Given 
the range of turtDlne driving steam inlet flow angles, as 
shown in FIG.1 3, along the blade effective portion 9. if 
the above-mentioned swollen portion occurs in the 
throat- pitch ratio {S/T) distribution in the about 75% to 
about 95 % normalized blade height region, the super- 
sonic flow of turbine driving steam will be expanded ex- 
cessively: and a strong shock wave will be generated on 
the turbine moving blade. 

[0024] Prior art steam turbines thus suffer from many 
drawbacks. They adopt throat- pitch ratio (S/T) distribu- 
tions that yieM almost uniform flow distributions in the 
radial direction, resulting in high f fictional losses close 
to the wall surface at the blade roots of the turbine mov- 
ing blades and close to the outer wall surface of the tur- 
bine nozzle blade tips. They also can suffer from shock 
waves caused by the interaction of supersonic steam 
flow with swollen blade portions between the restricted 
parts of the blade effective portion 9 due to blade un- 
twisting. These drawbacks prevent the turbine form per- 



forming in accordance with design criteria. 

[0025] It is an object of this invention to provide a 

steam turbine designed to improve turbine blade row 

pertormance. 

s [0026] It is a further object of this Invention to provide 
a turtslne moving blade which will make turbine driving 
steam flow in a stable state, thereby improving the per- 
formance of the turbine. 

[0027] It is still a further object of this invention to pro- 
vide a turbine nozzle blade which will make the turbine 
driving steam flow in a stable state, thereby improving 
pertormance of the turisine. 

[0028] To achieve the objects, a three-dimensional 
blade design method devised and adopted for a turbine 
moving blade of the present invention is one that treats 
the turbine driving steam as a three-dimensional flow, 
and can control that three-dimensional flow. Therefore, 
accuracy is greater than with the prior art simplifled 
three-dimensional blade design method. 
[0029] Stated otherwise, in the turbine blade row, the 
throat* pitch ratio (S/T) of the turbine moving blades is 
off-set prior to operation. When blade untwist occurs 
during operation, excessive expanded flow in the super- 
sonic speed region is prevented by producing an appro- 
priate throat- pitch ratio (S/T) distribution corresponding 
to the turbine driving steam entry angle by maintaining 
proper values. 

[0030] At the same time, a flow distribution is given in 
the radial direction so that, with both turbine moving 
blades and turbine nozzle blades, the turbine driving 
steam flow is reduced in regions close to the wall surface 
where losses otherwise would be large while, on the oth- 
er hand, the turbine driving steam flow is increased in 
regions distant from the wall surtace where losses are 
small. 

[0031] A more complete appreciation of the invention 
and many of the attendant advantage thereof will be 
readily obtained and better understood by reference to 
the following detailed description when considered in 
connection with the accompanying drawings. 
[0032] FIG. 1 is a schematic partial sectional view 
showing an embodiment of a steam turbine according 
to the present invention. 

[0033] FIG. 2 is a loss distribution graph for a turisine 
moving blade assembly according to the present inven- 
tion. 

[0034] FIG.3 is a superimposed plan view showing in- 
dividual blade sectional views cut at arbitrary posit bns 
atong the height of a turbine moving blade from blade 
root to blade tip according to the present invention. 
[0035] FIG. 4 is a static throat pitch ratio (S/T) distri- 
bution graph for a turbine moving blade according to the 
present invention compared with a prior art static throat • 
pitch ratio (S/T) distribution and a throat pitch ratio (S/ 
T) distribution when operating. 

[0036] FIG. 5 is a throat* pitch ratio (S/T) distribution 
graph showing a static throat pitch ratio (S/T) from a 
blade height of about 0% to a blade height of etoouX 50% 
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for a turbine moving acxording to the present invention. 
[0037] FIG.6 is a throat pitch ratio (SIT) distribution 
graph comparing throat pitch ratio (S/T) from a blade 
height of about 0% to a blade height of about 100% for 
a turbine moving according to the present Invention 
when at rest and when operating. 
[0038] FIG.7 Is a throat pitch ratio {SfT) distribution 
graph showing throat- pitch ratio (S/T) from a blade 
height of about 0% to a blade height of about 100% for 
a turbine nozzle blade according to the present inven- 
tion. 

[0039] FIG. 8 is a turbine stage loss distribution graph 
showing the relationship between throat pitch ratio (S/ 
T) at the blade root and turbine stage loss for a turbine 
nozzle blade according to the present invention. 
[0040] FIG. 9 is a turbine stage loss distribution graph 
showing the relationship between throat- pitch ratio (S/ 
T) at the blade tip and turbine stage loss for a turbine 
nozzle blade according to the present Invention. 
[0041] FIG. 10 is a schematic sectional view showing 
a turbine nozzle blade and a turbine moving blade In a 
final turbine stage. 

[0042] FIG. 11 Is a partial sectional view taken along 
line 11-11 in Fig. 10, showing an Intermediate connector. 
[0043] Fl G. 1 2 is a schennatic oblique view of blade tip 
connectors viewed from the direction of arrows 12-12 
in FIG. 10. 

[0044] FIG. 1 3 Is a schematic drawing showing equiv- 
alent velocity graphs for Inflowing turbine driving steam 
for each of blade root, blade mean diameter and a blade 
tip positions of a turbine moving blade in a final stage. 
[0045] FIG. 14 is a partial development sectional view 
showing a blade row of turbine moving blades in a final 
turbine stage. 

[0046] FIG. 1 5 Is a throat- pitch ratio (S/T) distribution 
graph comparing throat pitch ratio (S/T) when at restsind 
throat- pitch ratio (S/T) during operation for a turbine 
moving blade in the final turbine stage. 
[0047] FIG. 16 is a throat pitch ratio (S/T) distribution 
graph showing throat pitch ratio (S/T) for a turbine noz- 
zle blade in a final turbine stage. 
[0048] FIG. 17 Is a loss distribution graph for a turbine 
nozzle blade in a final turbine stage. 
[0049] A preferred embodiment of turbine moving 
blades and turbine nozzle blades assembled into a tur- 
bine relating to the present invention will be described 
below with reference to the drawings and the reference 
numerals assigned in the drawings. 
[0050] In the steam turbine relating to this embodi- 
ment, as shown In FIG. 1 , a turbine stage 22 is com- 
posed of an assembly of turbine nozzle blades 20, which 
are supported at their ends by an inner diaphragm 23 
and an outer diaphragm 24, and an assembly of turbine 
moving blades 21. which are embedded in the turbine 
shaft 25. A plurality of such turbine stages 22 are ar- 
ranged along the turbine shaft 25. 
[0051 ] The blades are made of an alloy of about 88% 
to about 92% titanium, about 4% to about 8% aluminium 



and about 2% to about 6% vanadium by weight percent. 
A rotation speed of SOOOrpm is used in 50Hz areas and 
a rotation speed of 36G0rpm is used in 60Hz areas. 
[0052] Each turbine moving blade 21 has a blade em- 

s bedded part 26 and a blade effective portion 27. Also, 
each turbine moving blade 21 is provided with a blade 
tip connector 28 at the blade tip, and an intermediate 
connector 29 at the blade intermediate part. The diam- 
eter of the blade root of the blade effective portion 27 is 

10 1 .4m or more, and the blade height is 1 .Cm or more. 
[0053] The intermediate connector 29 is installed in a 
position in the about 50% to about 70% range of nor- 
malized blade height and is designed to reduce vibration 
of the turbine moving blades 21 during operation and, 

IS simultaneously, to suppress any untwisting of the tur- 
bine moving blade 21 to a low level. The blade tip con- 
nector 28 and the intermediate connector 29 are respec- 
tively of the same configurations as shown in FIG. 11 
and FIG. 12, and described above In reference to those 

20 figures. 

[0054] The turbine moving blade 21 has a blade row 
performance distribution shown in FtG.2. This blade row 
performance distribution shows aerodynamic loss (tur- 
bine moving blade loss) on the vertical axis and normal- 

25 ized blade height on the horizontal axis, respectively, 
and shows that aerodynamic loss becomes small in the 
normalized blade height range of about 15 to about 
45%. This blade row performance distribution was ob- 
tained by numeric analysis of the turbine driving steam 

30 flow, and agrees well with experimental data for nxxiel 
turbines and, as such, is effective data when carrying 
out three-dimensional design of a blade row. 
[0055] Referring to FIG. 3: with the turbine moving 
blades 21 subject to such design requirements and pro- 

35 vided with such a blade row performance distribution, 
the three-dimensional flow pattern of the turbine blade 
row can be optimized by the appropriate setting of 
throat- pitch ratio (S/T), where the pitch between one 
blade effective portion 27a and the adjacent blade ef- 

40 fective portion 27b is taken as T, and the width of the 
flow throat (the narrowest passage) formed by the back 
30 of the one blade effective portion 27a and the belly 
of the adjacent blade effective portbn 27b is taken as S. 
[0056] In FIG. 3, when blade cross-sections are taken 

-^5 at arbitrary positions along the blade height from the 
blade root to the blade tip (for example, when the blade 
cross-section at the blade root (blade height 0%) Is tak- 
en as Aq. the blade cross-section at blade height about 
15% as Ai5, the blade cross-section at blade height 

so about 30% as A30, the blade cross-section at blade 
height about 85% as Ag5, and the blade cross-section 
at blade tip (blade height 100%) as A-ioq). then, if a 
greater twist angle is given to each cross-section Aq, 
A15, ... than in the prior art. the prior art trailing edge 

S5 ridge line TERL (shown by the broken line) thai joins 
each trailing edge 31, 31.... shifts to off -set trailing edge 
ridge tine OTERL (shown by the solid line). 
[0057] In practice, the twist angle is given in the ckxk- 
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wise direction so that cross-section Aq shifts from point 
Pq to point Qq, cross-section A,5 shifts from point P^g 
to point and cross-section Ags shifts from point Pq^ 
to point Qss, and also the twist angle is given in the anti- 
clockwise direction so that cross-section AgQ shifts from 
point P30 to point Qqq and cross-section A^qo ^^'^^ ^ 
point P100 to point Q-ioo- Offset leading edge ridge line 
OLERL is fomned by the solid line that joins a leading 
edges 32, 32, ... of each cross-section Aq, A15, .... The 
twist angles given to each cross-section Aq, A3Q ... are 
in the clockwise or anti-clockwise direction when viewed 
with the leading edges on the left and, at the same time, 
with the backs facing upwardly. 

[0058] If off-setting is performed by setting the twist 
angles as mentioned above, throat- pitch ratio (SfT), 
which is determined by the distance between turbine 
moving blades, will have the distribution shown by the 
solid line in FIG. 4 when at rest, and the distribution 
shown by the broken line during operation. 
[0059] If a larger blade twist angle than in the prior art 
is given to each cross-section Aq, A^5. .... and the throat- 
pitch ratio (S/T) for each cross-section Aq, A^g, ... is de- 
termined based on the blade twist angle, that thnoat- 
pitch ratio (S/T) distribution, as shown by the solid line 
in FIG. 4, forms a roughly S-shaped curve having a max- 
imal value and a minimal value. 
At the same time, the solid line is markedly shifted from 
the prior art throat- pitch ratio (S/T) positk>n shown by 
the single-dot chain line, and is maintained, so-to- 
speak, off-set. Here, 'maximal value' and "minimal val- 
ue" are defined as follows:. 

1) If f(x)" is negative when f(x)' =0, f(x) is a maximal 
value. 

2) If f(x)" is positive when f(x)' =0, f(x) is a minimal 
value. 

In other words, a "maximum value" is one which is sur- 
rounded by lesser values; a "minimal value" is one which 
is surrounded by greater value. 
[0060] In this way. with this embodiment, throat- pitch 
ratio (S/T) is determined beforehand by giving a greater 
twist angle than in the prior art to each cross-section Aq, 
A15, and the determined (S/T) is off-set to the posi- 
tion shown by the solid line. This differential twist angle 
(as compare to the prior art) Is defined herein as the 
■differential blade twist angle", 

[0061] Along with the untwisting that occurs during 
operation, the (S/T) distribution moves from the off-set 
position and conforms to the throat- pitch ratio (S/T) po- 
sition shown by the broken line. Therefore, more turbine 
driving steam can be made to flow In regions where loss- 
es are small and less in regions where losses are large, 
resulting in improved turbine blade row performance. 
[0062] The throat pitch ratio (S/T) distribution graph 
for the turbine moving blade 21 shown in FIG. 4 is one 
in which the differential blade twist angle was set over 
all blade cross-sections A^, A^s, ... for the entire blade 



from blade root to blade tip. However, whether to impart 
the differential blade twist angle over the entire length 
of the blade, or over a smaller portion of the blade, de- 
pends on whether the turbine driving steam flow is sub- 
5 sonic, transonic, or supersonic. 

[0063] When the turbine driving steam flow is subson- 
ic or transonic, for the turbine moving blade 21, as 
shown in FIG. 5, throat- pitch ratio (S/T) is determined 
by giving a differential blade twist angle to each blade 
cross-section in the blade height range from about 10% 
to about 45%, taking the blade root (blade height 0%) 
as the reference, and the predetermined throat- pitch ra- 
tio (S/T) distribution is formed as a curve having at least 
one minimal value or maximal value, or forms a so- 
called S-shaped curve having a minimal value and a 
maximal value. In practice, it is preferable that the min- 
imal value of throat- pitch ratio (S/T) should be formed 
In at a blade height position in the range from about 1 0% 
to about 20%, and the maximal value of throat- pitch ra- 
tio (S/T) should be formed at a blade height position in 
the range from about 15% to about 45%. 
[0064] Predetermining throat- pitch ratio (S/T) by giv- 
ing a differential blade twist angle to each cross-section 
in the blade height range from about 1 0% to about 45%, 
and setting the throat- pitch ratio (S/T) distribution cun/e 
to have at least one minimal value or maximal value or 
an S-shaped cun^e having a mininnal value and a max- 
imal value as described above, compensates for blade 
untwisting that occurs during operation and, at the same 
time, passes more turbine driving steam in the region 
where turbine moving blade loss is small, as shown in 
FIG. 2, thus improving turbine row performance. Howev- 
er, special attention must be given to giving a differential 
blade twist angle at blade height positions of about 1 0% 
or less. 

[0065] Specifically, if the throat- pitch ratio (S/T) is 
made smaller close to the wall surface (the turbine shaft) 
at the blade root, the outlet flow angle will become small- 
er and secondary flow loss will increase due to turbu- 
lence in the vicinity of the blade root in the corner be- 
tween the blade and the embedded portion, where a root 
fillet is added in order to relieve stress concentration. In 
order to prevent the actual throat* pitch ratio (S/T) that 
includes the root fillet from becoming too small, it is nec- 
essary to adjust the blade twist angle of the root fillet to 
nnake the throat- pitch ratio (S/T) larger. 
[0066] When the turbine driving steam flows at super- 
sonic speed, for the turbine moving blade 21. as shown 
in FIG. 6, taking the blade root as the reference in the 
same way as mentioned above, the throat- pitch ratios 
(S/T) are predetermined by giving a differential blade 
twist angle to each blade cross-section from a blade 
height of about 1 0% to a blade height of about 95%. The 
distribution of the predetermined throat- pitch ratios (S/ 
T) thus forms an S-shaped curve which has a minimal 
value and a maximal value in the blade height range 
from about 10% to about 95 % and, at the same time, 
is off-set in a curve having a minimal value in a blade 
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height range from about 70% to about 95%, and prefer- 
ably in the range from about 80% to about 90%. This 
arrangement suppresses the swollen portion (shown in 
FIG. 15) which occurs when the blades untwist during 
operation, and ensures that turbine driving steam flow 
remains In a stable state, thus suppressing the genera- 
tion of shocic waves. 

[0067] Further improvement in turbine efficiency in 
long-blade turbines can be realized by giving differential 
blade twist angles to the blade cross-sections of the tur- 
bine nozzle blades 20, so that the steam outlet flows 
from the turbine nozzle blades will more effectively co- 
operate with the turbine moving blades In their dynamic 
configuration. The throat* pitch ratio (S/T) for the turbine 
nozzle blades is defined in the same way as (S/T) for 
the turbine moving blades 4, as shown in FIG. 14. 
[0068] When considering the distribution of this 
throat- pitch ratio (S/T) in the blade height direction from 
the blade root (blade height 0%) to the blade tip (blade 
height 1 00%). as shown in FIG. 7. it appears swollen out- 
ward in the blade height range from about 20% to about 
80%, taking the blade root as the reference, as i1 a max- 
imal value were formed. Here, for turbine nozzle blade 
20, the blade root adjacent the inner diaphragm 23 
shown in FIG. 1 , and the blade tip is adjacent the outer 
diaphragm 24. 

[0069] This distribution of the throat- pitch ratio (S/T) 
results from giving differential blade twist angles to the 
cross-sections as if a maximal value were formed in the 
blade height range of about 20% to about 80%; setting 
throat- pitch ratio (S/T) at the blade root (blade height 
0%) in the range about 0.1 to about 0.5; and setting 
throat- pitch ratio (S/T) at the blade tip (blade height 
1 00%) in the range about 0.1 4 to about 0.5. respectively. 
Thus, the total loss (turbine nozzle blade loss plus tur- 
bine moving blade toss) is reduced. 
[0070] The about 0.1 to about 0.5 throat- pitch ratio 
(S/T) shown in FIG. 8 is the preferred application range 
obtained from a model turbine. If the throat- pitch ratios 
(S/T) at the blade root and the blade tip become too 
small, the rapid increase in loss occurs with the above- 
mentioned value as a boundary because the secondary 
(turbulent) flow loss close to the wall surface rapidly in- 
creases with this value as a boundary. Also, the flow dis- 
tribution balance across the radial direction is upset 
causing an excessively large flow at the wall surface and 
rapidly increasing frictional loss close to the wall. 
[0071] Setting the throaty pitch ratio (S/T) at the tip 
(blade height 1 00%) to about 0. 1 4 to about 0.5 is based 
on the fact that, as shown in FIG.9. the turbine stage 
loss will become smaller. This range of throat- pitch ratio 
(S/T) at the tip is the preferred application range, and 
similarly is obtained from a model turbine. 
[0072] Summarizing this embodiment, the throaty 
pitch ratio (S/T) for turbine nozzle blades 20 is deter- 
mined by giving a differential blade twist angle to the 
blade cross-sections such that the distribution of the 
throat- pitch ratio (S/T) is caused to swell outward, as if 



the maximal value were fomried, within a blade height 
range of about 20% to about 80%. At the same time, the 
throat- pitch ratio (S/T) at the blade root (blade height 
0%) is set in the range of about 0.1 to about 0.5, while 

s the throat- pitch ratio (S/T) at the blade tip (blade height 
100%) is set in the range of about 0.14 to about 0.5. 
Thus, more turbine driving steam is concentrated and 
caused to flow in the region where the turbine stage loss 
is small. Therefore, the turbine blade row performance 

10 can be even further improved over that of the prior art. 
[0073] For the turbine nozzle blades, although adjust- 
ment of the blade twist angle is the most direct method 
for adjustment of the throat* pitch ratio (S/T), throat* 
pitch ratio (S/T) may also be adjusted by varying the cur- 

is vature from the part that forms the suction surface throat 
to the trailing edge. That is, if the curvature of the part 
forming the back throat to the trailing edge is made 
smaller, the trailing edge will come closer to the back of 
the adjacent blade and the throat- pitch ratio (S/T) will 

20 become smaller. Conversely, if the curvature is made 
larger the throat* pitch ratio (S/T) will become larger. 
Further, the throat- pitch ratio (S/T) can be adjusted by 
varying the trailing edge thickness. However, since the 
blade row performance will be reduced if the trailing 

25 edge is made thicker, it will be necessary to make other 
adjustments such that overall efficiency will be main- 
tained. 

[0074] In summary, tor turbine moving blades assem- 
bled in a steam turbine according to the present inven- 

30 tion, to compensate for the blade untwisting that occurs 
during operation, the distribution of the throat- pitch ratio 
(S/T) determined according to the differential blade twist 
angle, which is given to the blade cross-sections, is oft- 
set so that it becomes larger than in the prior art and, 

3S during operation, the throaty pitch ratio (S/T) thus is 
maintained at an optimum value. Therefore, the turbine 
driving steam flows in a more stable state, and turbine 
blade row performance is improved. 
[0075] For the turbine nozzle blades, the distribution 

40 of the throat- pitch ratio (S/T) determined according to 
the differential blade twist angle, which is given to the 
blade cross-sectk>ns. is made to swell in the outward 
direction as if the maximal value were formed. Thus, 
more turbine steam is concentrated and made to flow in 

45 the region where the turbine stage loss is small. There- 
fore, the turbine blade row performance can be even fur- 
ther improved over that of the prior art. 
[0076] Obviously, numerous modifications and varia- 
tions of the present invention are possible in view of the 

so atx>ve teachings. 

[0077] Japanese priority /application No. 
PH10-218262, filed on July 31, 1998, including the 
specification, drawings, claims and abstract, is hereby 
incorporated by reference. 
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Claims 

1 . In a turbine moving blade assennbly for a steam tur- 
bine which has a plurality of stages (22) each pro> 
vided with turbine moving blades (21) attached to 
the turbine shatt (25) and fixed turbine nozzle 
blades (20) positioned axially adjacent the turbine 
moving blades, the turbine rroving blades (21) be- 
ing circumferentially spaced with adjacent turbine 
moving blades being interconnected intermediate 
their ends and also at their radially outer tips, each 
of the turbine moving blades (21 ) being twisted from 
blade root to blade tip, vytierein the twist angles at 
blade cross-sections along the height of each tur- 
bine moving blade (21) are differentially twisted to 
produce a distribution of throat- pitch ratb (S/T) 
along the turbine moving blade height direction from 
blade root to blade tip that follows a curve having at 
least one minimal value and one maximal value. 

2. A turbine moving blade assembly according to 
claim 1, wherein said throat-pitch ratio (S/T) distri- 
bution is off-set to take into account turbine moving 
blade untwisting that occurs during operation of the 
steam turbine due to centrifugal force. 

3. A turbine moving blade assembly according to 
claim 1 or claim 2, wherein the maximal value is lo- 
cated in the turbine moving blade height range of 
about 1 5 % to about 45 %. 

4. A turbine moving blade assembly according to 
claim 3. wherein said minimal value is located in the 
turbine moving blade height range of about 10% to 
about 20%, and the maximal value is located in the 
turbine moving blade height range of about 25 % to 
about 35 %. 

5. A turbine nrK>ving blade assembly according to 
claim 1 or claim 2, wherein the minimal value is lo- 
cated in the turbine moving blade height range of 
about 70% to about 95 %. 

6. A turbine moving blade assembly according to 
claim 3, wherein the minimal value is located in the 
turbine moving blade height range of about 70% to 
about 95 %. 

7. A turbine moving blade assembly according to 
claim 1 or claim 2, wherein some of the differential 
blade twist angles are given to blade cross-sections 
in a clock-wise direction, and some of the differen- 
tial twist angles are given to blade cross-sections in 
an anti-c(ockwise direction. 

8. A turbine moving blade assembly according to 
claim 7, wherein the differential blade twist angles 
given in a clockwise direction are in positions in a 



turbine moving blade height range from about 0% 
to about 15%, and in positions in a turbine moving 
blade height range of about 85 %, while the differ- 
ential blade twist angles given in an anti-clockwise 
5 directbn are at about 30% blade height position and 
at about 100% blade height position. 

9. A turbine moving blade assembly according to 
claim 1 or claim 2, wherein the turbine moving blade 

10 assembly has a diameter of at least 1 .4m at the root, 
the turbine moving blade height is at least 1 .Om, and 
the turbine shaft rotates at 3000rpm or 3600rpm. 

10. A turbine moving blade assembly according to 
15 claim 1 or claim 2, wherein said turbine moving 

blades are made of a titanium alloy with a compo- 
sition of about 88 % to about 92 % titanium, about 
4 % to about 8 % aluminium and about 2 % to about 
6 % vanadium by weight percent. 

20 

11. A turbine moving blade assembly according to 
claim 1 or claim 2. wherein the intermediate con- 
nections of the turbine moving blades are located 
within a turbine moving blade height range of about 

25 50% to about 70%. 

12. A turbine moving blade assembly according to 
claim 1, wherein the turbine moving blade differen- 
tial twist angles are adopted in a final turbine stage 

30 and at least one turbine stage upstream of the final 
turbine. 

13. In a turbine nozzle blade assembly for a steam tur- 
bine which has a plurality of stages (22) each pro- 

3S vided with turbine moving blades (21 ) attached to 
the turbine shaft (25) and fixed turbine nozzle 
blades (20) positioned axially adjacent the turbine 
nrioving blades (21), each of the turbine nozzle 
blades (20) being twisted from blade root to blade 

40 tip. wherein the twist angles at blade cross-sections 
abng the height of each turbine nozzle blade are 
differentially twisted to produce a distribution of 
throat- pitch ratio (S/T) atong the turbine moving 
blade height direction from blade root to blade tip 

45 that follows a curve having at least one nnaximal val- 
ue located in a turbine nozzle blade height range of 
about 20 % to about 80 %. 

1 4. A turbine nozzle blade assembly according to claim 
so 13, wherein said distribution of throat pitch ratio (S/ 

T) is located in a range of about 0. 1 to about 0.5 at 
the blade root position and in a range of about 0. 14 
to about 0.5 at the blade tip position. 

ss 1 5. A turbine nozzle blade assembly according to claim 
13, wherein the turbine nozzle blade differential 
twist angles are adopted in a final turbine stage and 
at least one turbine stage upstream of the final tur- 
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bine. 

16. In a steam turbine having a casing, a shaft rotatable 
in a the casing and a plurality ot stages (22) each 
provided with turbine moving blades (21) attached s 
to the turbine shaft (25) and fixed turbine nozzle 
blades (20) positioned axially adjacent the turbine 
moving blades, the turbine moving blades (21) be- 
ing circumferentially spaced with adjacent turbine 
moving blades interconnected intermediate their io 
ends and also at their radially outer tips, each of the 
turbine moving blades (21 ) being twisted from blade 
root to blade tip, wherein the twist angles at blade 
cross-sections along the height of each turbine 
moving blade are differentially twisted to produce a is 
distribution of throat* pitch ratio (S/T) along the tur- 
bine moving blade height direction from blade root 
to blade tip that follows a curve having at least one 
minimal value and one maximal value. 

20 
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FIG. 6 
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